Meiotic cells tightly regulate the number and distribution of crossovers to promote accurate chromosome segregation. Yokoo and colleagues uncover a metazoan-specific, cyclin-like protein that is crucial for crossover formation. They utilize this protein's unique properties to explore a remarkable example of biological numerology, whereby nearly every meiotic cell in C. elegans makes precisely six crossovers, one for each of its six chromosome pairs.
Meiotic cells tightly regulate the number and distribution of crossovers to promote accurate chromosome segregation. Yokoo and colleagues uncover a metazoan-specific, cyclin-like protein that is crucial for crossover formation. They utilize this protein's unique properties to explore a remarkable example of biological numerology, whereby nearly every meiotic cell in C. elegans makes precisely six crossovers, one for each of its six chromosome pairs.
The crossover (CO) is a central feature of and principal raison d'ê tre for meiotic recombination. This reciprocal exchange of genetic information between homologous chromosomes creates genetic diversity and also ensures accurate chromosome segregation during the first meiotic division by providing a physical connection between homologous chromosomes (Hunter, 2007) . Meiotic recombination initiates with DNA double-strand breaks (DSBs) made by the Spo11 protein. DSBs outnumber COs-by a wide margin in some organisms-so a key feature of meiosis is the process by which a subset of nascent recombination sites is selected to become COs, with the remainder repaired using an alternative pathway that forms noncrossovers (NCOs) (Figure 1 ). CO defects cause meiotic failure or gamete aneuploidy-a leading cause of birth defects in humans-so cells have evolved systems ensuring that the correct frequency and distribution of COs are achieved. Mechanisms underlying this ''crossover control'' remain poorly understood, but key insights are provided in the paper by Villeneuve and colleagues in this issue of Cell (Yokoo et al., 2012) , along with other recent studies (Rosu et al., 2011; Cole et al., 2012) .
Yokoo et al. identify a C. elegans protein that they name crossover siteassociated-1 (COSA-1), which functions in CO designation. C. elegans is an exceptionally valuable tool for the study of meiosis (Garcia-Muse and Boulton, 2007) because it can be readily manipulated genetically and because its germline is organized in a ''production line'' that allows simultaneous visualization of all stages of meiotic prophase in live cells. CO control is very strong in worms, with essentially every chromosome pair crossing over exactly once for a total of sixand only six-COs per cell. Yokoo et al. discovered COSA-1 based on the high incidence of missegregation of sex chromosomes in mutants lacking the protein.
In a cosa-1 mutant, COs fall to less than 1% of wild-type, and physical connections between homologs (chiasmata) are not formed. COSA-1 is well conserved in metazoans (although notably absent in Drosophila) but is not found in yeast and plants. It is predicted to have a cyclinlike structure, suggesting that it may partner with a cyclin-dependent kinase (CDK). Yokoo et al. raise the interesting idea that CDK-COSA-1 might affect recombination outcome by phosphorylating CO-promoting proteins, including MSH-5, which has 15 potential CDK target sites.
GFP-tagged COSA-1 forms six distinct foci on chromosomes in midprophase, marking each of the six recombination intermediates that will eventually become COs, a property that Yokoo et al. exploit to explore mechanisms controlling CO number and distribution. Three major manifestations of CO control are observed in organisms from diverse taxa (Jones and Franklin, 2006) (Figure 1) . First, each chromosome pair usually succeeds in forming at least one CO (the ''obligate CO'') despite a low average number of COs per pair. Second, COs are widely and evenly spaced, a phenomenon called ''CO interference.'' Third, cells maintain relatively constant CO numbers, called ''CO homeostasis,'' despite natural or experimentally induced fluctuations in DSB numbers. Though it is formally possible that these phenomena arise from distinct regulatory processes, it has been noted that they are all predicted to follow if the basic mechanism of CO control involves a force promoting crossing over accompanied by local inhibition of further CO formation that spreads along the chromosome (Martini et al., 2006; Zhang et al., 2011) . In support of this view, recent studies elucidate connections between these disparate manifestations of CO control (Chen et al., 2008; Rosu et al., 2011; Cole et al., 2012; Yokoo et al., 2012) .
To explore the ability of cells to form the obligate CO, Villeneuve and coworkers artificially induced DSBs in spo-11 mutant worms (i.e., that lack the endogenous source of DSBs) using two distinct systems: ionizing radiation (IR) (Yokoo et al., 2012) and inducible excision of a transposable element (Rosu et al., 2011) . Remarkably, having just a single DSB on a chromosome was sufficient to ensure that that chromosome pair made a CO, an extreme example of CO homeostasis. CO homeostasis was first described in budding yeast, in which COs were maintained at the expense of NCOs when DSBs were reduced by partial loss-offunction mutations in spo11 (Martini et al., 2006) . This phenomenon was predicted to also buffer COs against elevated DSB numbers, but experimental proof was lacking. When Yokoo et al. exposed worms to high IR doses expected to introduce DSBs in excess of the normal number of SPO-11-induced DSBs, most cells still made precisely six GFP-COSA-1 foci. Similarly, mice overexpressing SPO11 protein showed evidence of increased DSB numbers yet maintained wild-type numbers of cytologically marked COs (Cole et al., 2012) . Thus, both worms and mice display robust ability to limit the number of COs in the face of elevated DSBs.
Importantly, the fact that both obligate CO formation and CO homeostasis were seen regardless of the source of DSBs rules out the possibility that CO control is dependent on SPO-11 or SPO-11-associated factors present on chromosomes prior to break formation. Of course, CO homeostasis did not evolve to cope with IR or other sources of DSBs in the absence of SPO-11 function. Instead, it seems more likely that this aspect of CO control serves to maintain appropriate numbers of COs in the face of natural cell-to-cell variation in the numbers of DSBs. Direct evidence in yeast and mice supports this view (Chen et al., 2008; Cole et al., 2012) .
GFP-COSA-1 foci also illuminate how competence to execute certain steps in CO formation is tied to meiotic developmental stage. Yokoo et al. find that DSBs alone are not sufficient to drive recombination and that only cells that experience DSBs during a specific stage of the meiotic program (midpachytene) are ''licensed'' for CO formation. The cyclinlike structure of COSA-1 is tantalizing in light of this connection to progression through the meiotic division program. More importantly, these findings are consistent with the hypothesis that CO control is established progressively as meiosis proceeds. This view is supported by studies in mice, which show progressive implementation of interference (de Boer et al., 2006) and homeostasis (Cole et al., 2012) at multiple points during meiotic prophase. These findings argue strongly against deterministic models in which the fate of DSBs is already decided at or soon after the time that DSBs are formed (Cole et al., 2012) .
Taken together, these recent publications reinforce the idea that obligate CO formation, CO interference, and CO homeostasis all go hand in hand, consistent with these arising from the same basic cellular process (Zhang et al., 2011) . As part of this work, COSA-1 has proven its mettle as a powerful and versatile reporter of CO designation in worms. It will be interesting to see whether studies of mouse and human homologs of COSA-1 will prove equally illuminating.
